This study aimed to detect metastases in patients with stage III or IV cutaneous melanoma by 18 F-fluorodeoxyglucose positron emission tomography combined with computed tomography (FDG-PET/CT). Thirty-nine patients with clinically evident stage III or IV melanoma underwent wholebody FDG-PET/CT scans for metastatic disease and these results were compared with those of biopsy. Scans for 38 of the patients were evaluated; one patient's scan could not be evaluated. There were 11 true-positive, two false-positive, 24 truenegative and one false-negative scans for the detection of melanoma metastases, with sensitivity 91%, specificity 92%, accuracy 92%, and positive and negative predictive values 84% and 96%, respectively. False-positive FDG-PET/CT scans were due to sarcoidosis in the lung and infected cyst in the liver. It is concluded that FDG-PET/CT scanning has high sensitivity and specificity for detecting stage III or IV metastatic melanoma.
Introduction
The frequency of newly diagnosed cutaneous melanomas has been steadily increasing for several decades by 3 -8% each year, 1,2 with 80% of malignant melanomas thought to be related to excessive exposure to sunlight, particularly in childhood. Melanoma is a widely metastasizing neoplastic disease and has a particularly unpredictable pattern of spread. Haematogenous factors may be the cause of extranodal metastases early in the course of disease and should be considered. 3 -5 Local lesions and lesions that are distant from the primary site may be found in patients with no regional lymph node disease. 6 Imaging has an important role in the identification and location of metastases and, therefore, in the management and prognosis of melanoma. 7 Conventional imaging techniques, such as chest radiography, ultrasonography, computed tomography (CT) and magnetic resonance imaging, are of limited value in identifying melanoma metastases. 8 On the other hand, 18 F-fluorodeoxyglucose ( 18 F-FDG) positron emission tomography (PET) has been shown to be superior to conventional imaging techniques in the non-invasive diagnosis of melanoma metastases. 9 -11 The recent introduction of combined PET/CT procedures C Akcali, S Zincirkeser, Z Erbagcý et al.
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may significantly improve the diagnostic accuracy of metabolic imaging in the evaluation of patients with melanoma, reducing the rate of false-positives and increasing the rate of true-positives. Combined PET/CT aids surgical planning compared with PET alone. In today's clinical practice, PET/CT scanners allow the simultaneous assessment of both the metabolic and the anatomical characteristics of the primary tumour and its potential local, regional and distant extension. 12, 13 The aim of this clinical study was to evaluate FDG-PET/CT for the detection of metastatic disease in patients with stage III or IV melanoma.
Patients and methods

PATIENTS
The patients included in this study were recruited from the Department of Nuclear Medicine and PET Centre at the Medical School of Gaziantep University and from the Department of Nuclear Medicine and PET Centre at the Cerrahpasa Medical School of Istanbul University. All patients fasted for at least 4 h before imaging and, in order to be entered into the study, their fasting blood sugar level was required to be within the normal range. Oral and written informed consents were obtained from the subjects.
IMAGING
Whole-body FDG-PET/CT imaging with a Siemens Biograph ® 2 PET-CT system (Siemens, Knoxville, TN, USA) was performed 1 h after intravenous administration of 18 F-FDG and images were obtained from the vertex to the upper thigh region. High-quality images were acquired and semiquantitative measurements of glucose metabolism obtained. Images were evaluated by two nuclear medicine physicians.
Use was made of coronal-sagittal images and correlation with CT results whenever the exact location of a lesion was uncertain. Regions of interest were drawn on the images and the semiquantitative standardized uptake value (SUV) was determined, defined as the amount of local tissue radioactivity normalized for the injected dose and the patient's body weight.
The FDG-PET/CT images were studied qualitatively (glucose uptake) and quantitatively (SUV) for the presence of distant metastases. Glucose uptake above the level of the surrounding tissue and an SUV > 2.5 indicated malignancy. The SUV serves as a normalized target-to-background measure and it takes into account the differences between normalizing for body weight, for lean body mass and for body surface area. In our study we used the most prevalent SUV calculation, as follows: SUV = (mCi/ml [decay-corrected] in tissue)/(mCi of tracer injected/body weight [g]).
Distant metastases were determined on an organ-to-organ basis. Results of the FDG-PET/CT scans were compared with biopsy results and the sensitivity, specificity, accuracy, positive and negative predictive values for detection of metastases by FDG-PET/CT were calculated.
Results
Whole-body FDG-PET/CT was carried out in 39 patients (21 [54%] male; 18 [46%] female; age 23 -79 years, mean ± SD 53.8 ± 33.2 years) with clinically evident stage III or IV melanoma in order to diagnose metastatic disease. One patient's PET scan could not be evaluated, leaving 38 scans for evaluation. There were 11 true-positive, two falsepositive, 24 true-negative and one falsenegative ( Fig. 1 ) FDG-PET/CT scans for the detection of melanoma metastases, and C Akcali, S Zincirkeser, Z Erbagcý et al. 
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sensitivity of 91%, specificity of 92%, accuracy of 92%, and positive and negative predictive values of 84% and 96%, respectively. Sites of melanoma with true scans were the cerebellum (one) (Fig. 2) , the lungs (six) (Fig. 3) , the liver (five), bone (two), regional nodes (nine), mediastinal nodes (five), pelvic nodes (two), the skin and subcutaneous tissues (three), the spleen (one) and the bowel (one). The false-positive scan results were due to sarcoidosis in the lung and infected cysts in the liver. The falsenegative scan was probably due to the lesion being below the resolution limit. 
Discussion
In recent decades the number of new melanomas diagnosed is increasing. 2 The technique of FDG-PET imaging has been found to be efficient in detecting melanoma metastases, with a high overall specificity (56 -100%) and sensitivity (67 -100%). 14 -16 In a prospective study of 106 patients with stage III disease, unsuspected metastases were detected in 15% of patients; the overall sensitivity and specificity for lesion detection were 92% and 90%, respectively, and the FDG-PET result influenced overall management in 22% of the patients. 17 In another study of 84 patients with recurrent melanoma, FDG-PET impacted therapy in 26%, upstaging one-third and downstaging two-thirds of cases. 18 However, FDG-PET can miss small-volume disease and micrometastatic disease.
The development of combined PET/CT scanners has dramatically changed the approach to PET imaging; the integration of anatomical (CT) and metabolic (PET) images allows more accurate determination of abnormal sites and their clinical relevance. 19, 20 The superiority of PET/CT compared with PET in the assessment of metastatic melanoma has already been reported 13 Use of FDG-PET/CT has a significant impact on the interpretation of suspected metastatic lesions (Fig. 1) and gives fewer false-negative and false-positive results (Figs 2 and 3) . 21 In a recent study that included 250 patients with melanoma (AJCC [American Joint Committee on Cancer] stages I -IV), PET/CT was found to be significantly more accurate than PET and CT alone for the staging of visceral and nonvisceral metastases. 22 The CT component of PET/CT was found to be particularly helpful in the detection of lung metastases, which were often missed by PET alone. These data also showed an incremental treatment effect of PET/CT in the restaging and therapy control of patients with melanoma. 22 Being able precisely to locate sites of abnormal 18 F-FDG uptake helps in identifying those patients suitable for surgery as well as in locating isolated metastases. 23, 24 Use of PET/CT is also helpful in detecting metastases at unusual sites of primary melanoma, such as ocular melanoma. 25 -27 In addition, PET/CT has been found capable of identifying incidental metastatic melanoma in patients with other malignancies, although this is an unusual finding.
Further assessment of this technology, including the ability to integrate PET/CT data with therapy planning, will be important for the management of melanoma in the future, particularly in helping to identify patients suitable for surgery. Surgery can be curative for stage III disease and is the only therapy that influences survival in patients with stage IV disease. 28, 29 The sensitivity (91%), specificity (92%) and accuracy (92%) of FDG-PET/CT in our study was high and comparable with the best results in the literature. 13, 30 -33 Previous studies have suggested that FDG-PET may be insensitive in the detection of metastases in the cerebral cortex. 34 An assessment of the sensitivity FDG-PET in detecting cerebral metastases was not possible as most patients did not have a focused FDG-PET scan of the brain. 34 The cerebral areas are not included in many studies, 35 -37 images generally being obtained from the base of the skull to the upper thigh region. In our study, however, whole-body acquisitions were obtained from the vertex to the upper thigh region, so we were able to observe cerebral metastases.
The present study had several shortcomings. Its retrospective nature may have introduced bias into the data. Furthermore, our standard reference In conclusion, PET/CT scanning has high sensitivity and specificity for detecting stage III and IV metastatic melanoma. The CT component of PET/CT helps to establish the correct anatomical location of the lesions and to differentiate between physiological and non-physiological 18 F-FDG uptake, thus facilitating appropriate interpretation of the PET scan and decreasing the numbers of false-positive and false-negative results.
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